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Repsol produce hidrégeno a partir de
biometano en una refineria espanola

UPSTREAM ONLINE / 05 OCTUBRE 2021

GAS

Hydrogen from biogas reforming will be been
producen in Haro (Spain)

BIOGAS
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Search for topics, videos and speakers | Search

Home > Market, Policy and Financing » Here is how green hydrogen is produced with biomethane

ELhiarogeneSeutilizara en'fa produccion de conblistibles como gasohiia;gaséléo o queroséno para la aviacion.

[Upstream Online, 5/10/2021]

[Bayo Tech presents lo scale reformes for
MSW. Negative emissions are produced if

CO2is captured]
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https://www.worldenergytrade.com/energias-alternativas/gas/repsol-produce-hidrogeno-a-partir-de-biometano-en-una-refineria-espanola
https://www.biogaschannel.com/en/video/market-and-policy/29/here-how-green-hydrogen-produced-biomethane/1918/
https://f.hubspotusercontent30.net/hubfs/20300633/BayoTech_ProductSheet_HydrogenGeneration.pdf
https://www.harenses.es/es/noticias/el-proyecto-de-i-d-h2aro-se-ha-presentado-a-la-convocatoria-del-programa-misiones-de-ciencia-en-innovacion

DE TRANSICIOFN | ; - i ?
ENERGETICA = EmTmm = FE2 W h at IS n ew °

RAFAEL MARI!‘IO
DE NUEVAS TECNOLOGIAS

> COMILLAS
ENERGETICAS | mmrrmm

&2 COLUMBIA [SIPA
Center on Global Energy Policy

 SMR of byohydrogen

releases biogenic CO,

Bl il THE POTENTIAL ROLE OF
emissions BIOHYDROGEN IN CREATING

A NET-ZERO WORLD: THE
PRODUCTION AND APPLICATIONS
OF CARBON-NEGATIVE HYDROGEN

SRR

« Golden hydrogen
avoids fossil emissions

Decarbonising Europe’s replacing fossil fuels
hydrogen production with

biohydrogen AND compensates

BY YUSHAN LOU, ZHIYUAN FAN, DR. JULIO FRIEDMANN,
ANNE-SOPHIE CORBEAU, MAHAK AGRAWAL, AND AMIT KHATRI

JANUARY 2023

The role of sustainable biohydrogen in the total energy mix

unavoided emissions of

other sources SRR . IS RIS
comillas.edu [EBA, 2023] [COLUMBIA/SIPA,
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https://www.europeanbiogas.eu/decarbonising-europes-hydrogen-production-with-biohydrogen/
https://www.energypolicy.columbia.edu/publications/the-potential-role-of-biohydrogen-in-creating-a-net-zero-world/

g Production and costs
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DE NUEVAS 1:;.::(_:;%:: o8 Table 1. Conversion ratios for SMR with or without CO2 capture (adapted from [19]).
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Nemr HMR CHMR Capture efficiency CO2 captured
p.u. Nm3 Ho/Nm?® CHs kg COo/kg Ho % kg CO2/kg H>
Without CCS 0.759 2.52 8.74 0
With CCS 0.691 2.29 0.96 90 8.64
4.0 -
[ « 25 years lifespan
[ « wacc: 8%
0T «  Nomnal escalation rate: 0% (8%
for CO,)
20 | « Production cost of biogds: 35
I €/MWh
v f « Tax for CO,: 80 €/ton
= 1.0 +
i Production rate from MSW:
0.0 +
[ « 2.56 kg H2/year-pax in Madrid
10 1 « 3.85 kg H2/year-pax in
[ Fuerteventura
20 4

B Biogas MW Upgrading M Maintenance Investment M Carbon tax
comillas.edu Costs for biogas from anaerobic digestion of organic Soler et al., 2022]
fraction of MSW and 500,000 inhabitants freatment
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o - FCEV as urban buses 10 FCEV in Madirid, with

a green hydrogen
refilling station (Dec
2023)
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Bus 9051, Mercedes Benz O530 BZ (Citar Cell).
Operated in Madrid in 2003 (cute/ectos) 20 years

[AEMTBUS]
comillas.edu



http://www.aemtbus.org/blog/tag/cuteectos/
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500 « Golden hydrogen saves 28%
: biomethane
150 + : -
- * Negative emissions would
100 + compensate 64% of fossil emissions of

50 | I . I an ICE-NG bus
0

« FCEV consumption:

50

: * 12 kg Hy/100 km
-100 ‘ e 6.5 kWh-HHV/km (primary energy)
150 & « ICE consumption:

bio-CNG bus FCEV bus CNG bus « 81 Nm3 CH,/100 km

m Methane demand [Nm3/100 km] m CO2 [kg/100 km] . 8.9 kWh-HHV/km (primary energy)
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200.00 -
« 3,334,730 inhabitants (Madrid city)
15000 - m e ——-
« 2049 buses ' I
100.00 -

« 100,475,522 km/year
« Hydrogen demand for 100% FCEV fleet: 12,057  30.00 -

l |

l |

l |

l |

ton/year 0.00 - I I

« Production from MSW: 8,504 ton/year (70.53%  _sg.00 A : :
demand) -100.00 - : '

« Cost of H, for FCEV: : |
-150.00 - |

« 20.40 €/100 km including CO, credits bio-CNG bus FCEVbus | 61% FCEV /39% |

l |

« 39.84€/100 km w/o CO, credits CNG

. Cost of retail natural gas for ICE: 57.9 €/100 km rage [%] wCO2 [kion/year]

comillas.edu Net-zero solution using 39% of current buses

S oy 0 B G A



IS g | v Results. Fuerteventura

RAFAEL MARINO
DE NUEVAS TECNOLOGIAS | o iiias
ENERGETICAS | mTImm

« 116,186 inhabitants
« 35 buses (“guaguas”)
o 4,228,936 km/year
« Hydrogen demand for 100% FCEV fleet: 507.5 ton/year
« Production from MSW: 447.1 ton/year (88.1% demand)
« Biogenic captured CO,: 3,862 ton/year
« Fossil CO, emitted by 11.9% fleet: 801 ton/year
« Excess CO, credit: 3,061 ton/year
« Cost of H, for FCEV:
« 32.16 €/100 km including CO, credits
« 51.48 €/100 km w/o CO, credits

« Cost of retail natural gas for ICE: 115.8 €/100 km
comillas.edu
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» Self-produced biohydrogen from MSW with CO, negative emissions has been proposed for

urban buses
* Net-zero urban buses is achieved, even maintaining fossil ICE fleet share
« ETS (carbdn taxes) in transport reduces costs (when available)
« Competitive prices with retail natural gas

« CO, should be removed from atmosphere: geological storage or usage in circular products.

This latter option would avoid CO, transportation if usage facility is in the SMR one.

comillas.edu
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Questions?

linares@comillas.edu
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